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ABSTRACT
Aim Anthropogenic environmental change is having a major impact on biodiver-
sity. By identifying traits that correlate with changes in species range, comparative
studies can shed light on the mechanisms driving this change; but such studies
will be more useful for conservation if they have true predictive power, i.e. if their
trait-based models can be transferred to new regions. We aim to examine the ability
of trait-based models to predict changes in plant distribution across seven geo-
graphic regions that varied in terms of land cover and species composition.
Location Britain and Flanders (Belgium).
Methods We estimated distribution change for more than 1000 species for over
70 years of data (1930s to 2004), using data from published plant atlases. We
identified regional trait-based models of plant distribution change. Traits included
morphological characteristics, Ellenberg values and distribution-based traits. The
trait models were then used to predict change in all other regions, with the level
of linear correlation between predicted and observed changes in range used as a
measure of transferability. We then related transferability to land cover and species
similarity between regions.
Results We found that trait correlates of range change varied regionally, high-
lighting the regional variation in the drivers of range change in plants. These trait
models also varied in the amount of variation explained, with r2 values ranging
from 0.05 to 0.17. A key cross-regional difference was the variation in the relation-
ship between soil nutrient association (Ellenberg N) and distribution change,
which was strongly positive in Flanders and southern England but significantly
negative in northern Scotland. We found that transferability between regions was
significantly correlated with the level of similarity in land cover.
Main conclusions We conclude that trait-based models can predict broad-scale
changes in species distributions in regions that share similar land-cover composi-
tion; however, predictions between regions with differing land-cover cover tend to
be poor.
Keywords
Biodiversity loss, comparative analysis, conservation, environmental change,
predicting change, traits.
*Correspondence: Gary D. Powney, NERC
Centre for Ecology and Hydrology, Maclean
Building, Benson Lane, Crowmarsh Gifford,
Wallingford, Oxfordshire OX10 8BB, UK.
E-mail: gary.powney@ceh.ac.uk
This is an open access article under the terms of
the Creative Commons Attribution License,
which permits use, distribution and
reproduction in any medium, provided the
original work is properly cited.
INTRODUCTION
The impacts of anthropogenic environmental change on biodi-
versity are well documented, with habitat loss, climate change
and invasive species all frequently related to changes in species
distributions (Parmesan & Yohe, 2003; Blackburn et al., 2004;
Mace et al., 2005; Butchart et al., 2010). However, not all species
respond in the same way to these environmental pressures
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(Chen et al., 2011), with species life-history traits explaining
some of the variation (Purvis et al., 2000; Koh et al., 2004;
Reynolds et al., 2005; Walker et al., 2009; Murray et al., 2010;
Angert et al., 2011). An advantage of trait-based approaches
is that they can allow generalizations to be extended to other
species and can help determine the potential drivers of change
(Fisher & Owens, 2004). Many comparative studies have linked
change in range size to life-history traits (e.g. Verheyen et al.,
2003; Walker & Preston, 2006; Mattila et al., 2008; Van Landuyt
et al., 2008; Ozinga et al., 2009). A common goal of such studies
is to help inform conservation efforts; however, there is little
evidence of such studies directly affecting conservation practice
– rather, they have acted as ‘calls to action’ highlighting the
decline in biodiversity (Cardillo & Meijaard, 2011). One reason
for this is that although such studies explain the responses of
biodiversity within their own datasets, they seldom test the
predictive ability of their models in new regions (Fisher &
Owens, 2004; Pocock, 2011).
The transferability of trait-based comparative models has
been examined using trends in population abundance of Euro-
pean and North American farmland birds (Pocock, 2011). That
study found that the relationships from one region poorly pre-
dicted population trends in other regions, and that there was no
significant improvement in model predictions when comparing
environmentally similar regions (Pocock, 2011). These findings
support the view that inconsistencies in the results of compara-
tive studies limit their value to applied conservation (Cardillo &
Meijaard, 2011). In this study we extend the predictive work of
Pocock, (2011) by using a larger, high-quality dataset of the
spatiotemporal distribution of plants from Flanders (Belgium)
and six environmental regions in Britain to examine if the
results from trait-based approaches can be used to predict
change in new regions. We aim to test whether transferability is
related to similarity in land cover and/or similarity of species
composition between regions in an attempt to determine if, and
when, it is possible to predict change from trait-based models.
Vascular plants are an ideal taxon for this investigation: they
are the primary producers of most terrestrial ecosystems, are
good indicators of the state of the environment (Godefroid,
2001; Landsberg & Crowley, 2004), and have some of the best
trait and distribution data of any taxonomic group in Great
Britain. Previous analyses have shown that similar drivers of
range change can have similar effects across different regions.
For example, the flora of Flanders has shown marked declines in
species specialized for nutrient-poor habitats. This is probably
because of increased nitrogen deposition, and analogous rela-
tionships were found in a trait-based study of trends in plant
species prevalence in Bedfordshire, England (Van Landuyt et al.,
2008; Walker et al., 2009). However, trait–trend relationships
are not always congruent across regions; for example Fritz et al.
(2009) showed marked geographic variation in trait-based rela-
tionships of extinction risk in mammals.
In this study, we use trait-based models to understand the key
drivers of change in plant distribution in seven different regions.
These models were then used to predict change in all other
regions, with the level of linear (Pearson) correlation between
predicted and observed range change used as a measure of trans-
ferability. Transferability was then related to similarity of land
cover and species composition between regions, to determine if,
and when, trait-based models can be used to predict change.
METHODS
Study regions
In this study, Britain was split into six environmental regions as
identified by the Centre for Ecology and Hydrology Countryside
Survey (Haines-Young et al., 2000). The division is based mainly
on the geographic distribution of the major land classes but is
also split by the English–Scottish border (Fig. 1). An overview
of the study areas can be found in Appendix S1 in Supporting
Information.
Distribution and trait data
Presence-only gridded distribution data for vascular plant
species in Britain (10 km × 10 km grid) and Flanders
(4 km × 4 km grid) were taken from two plant atlases: 1930–69
and 1987–99 (Preston et al., 2002) and 1939–71 and 1972–2004
(Van Landuyt et al., 2006), respectively. Recently established
alien species may have distributions that have not reached
equilibrium range dynamics since their introduction. The rapid
range expansion associated with many introduced species
would be likely to bias our estimates of range change and trait–
trend relationships, so we therefore only included native and
archaeophyte species in the analyses. Data on plant life-history
traits were taken from PLANTATT (Hill et al., 2004). Eleven
traits were included in the analyses, all of which have been
associated with changes in plant distribution; they are listed and
briefly described in Table 1 (Ellenberg, 1974; Liem et al., 1985;
Preston, 2000; Godefroid, 2001; Haines-Young et al., 2003;
Braithwaite et al., 2006; Walker & Preston, 2006; Van Landuyt
et al., 2008). Ellenberg scores represent the niche position of
species along ecological gradients and are derived from subjec-
tive expert opinion alongside objective calculations (Ellenberg,
1974; Hill et al., 1999; Schaffers & Sýkora, 2000). There was
increased survey effort for water plants in Britain in the second
time period due to targeted surveys of Scottish lochs (Preston &
Croft, 1997; Preston et al., 2002). Therefore we excluded species
with an Ellenberg moisture value greater than 9 (aquatic plants)
from the analysis as they may have had artificially high estimates
of distribution change.
Range change
We measured distribution change across two distinct time
periods as defined by the survey periods of the atlases (Britain
1930–69 and 1987–99; Flanders 1939–71 and 1972–2004). Dis-
tribution change was measured with the widely used relative
change index (CI). The CI method aims to reduce problems
associated with temporal variation in recorder effort, which
were likely to be present in the data (Telfer et al., 2002; Pocock
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et al., 2006; Van Calster et al., 2008; Van Landuyt et al., 2008;
Mace et al., 2010). The CI (Z in the equation below) was calcu-
lated as the deviation between the observed and the predicted
range size proportions, both on a logit scale:
Z P a b Pk k k= ( ) − + ( )[ ]logit logit2 1,
where P1k and P2k are the range size proportions for the kth
species for the first and second time period, a and b are the
intercept and the slope of the regression.
Fitting of the regression line was weighted by the reciprocal
of the variance in the logit proportions to account for
heteroscedasticity (Telfer et al., 2002). The intercept and slope of
the regression include the effects of change in range size and vari-
ation in recorder effort across all species. Small-ranged species
have a greater capacity for expansion than decline, which can cause
curvature in the relationship between grid cell counts in the earlier
and later time periods. To account for this, species that occupied
fewer than five grid cells in the first time period were excluded
from the analysis (for full details see Telfer et al., 2002). The CI was
Figure 1 A map showing Flanders and
the six environmental regions of Britain.
Table 1 A list and brief description of the species traits included in the analyses.
Trait Description
Plant height (cm) Plant height
Mean January temperature (°C) Mean January temperature of all UK 10-km squares occupied, 1961–90
Mean annual precipitation (mm) Mean annual precipitation of all UK 10-km squares occupied, 1961–90
Ellenberg L Ellenberg value for light association (1 = deep shade, 9 = full light)
Ellenberg S Ellenberg values for salt tolerance (0 = absent from saline soils, 9 = extremely saline conditions)
Ellenberg N Ellenberg values for nitrogen association (soil fertility) (1 = extremely infertile, 9 = extremely rich in nitrogen
Ellenberg R Ellenberg values for pH (1 = extreme acid soils, 9 = high-pH soils)
Ellenberg F Ellenberg values for moisture association (1 = dry, 9 = wet-site indicator)
Habitat breadth A count of the number of habitat categories the species occupies (based on the 23 categories in PLANTATT)
Biome Major biome of the species European range. Northern (1–5 in PLANTATT), widespread (6 in PLANTATT),
temperate (7 in PLANTATT), southern (8–9 in PLANTATT)
Life cycle type Species categorized as either annual, biennial or perennial
For PLANTATT, see Hill et al. (2004).
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calculated separately for each region in the analysis (for regional
plots of the CI regressions, see Appendix S2).
Regional trait-based models
For each region, we ran models that consisted of all possible
combinations of the traits listed in Table 1 as predictor variables.
We then used the Akaike information criterion (AIC) to deter-
mine the ‘best’ model for each region. Trends from the best
models were examined to detect variation in the main drivers of
distribution change across regions. In all analyses we tested for
curved relationships by including the quadratic term for each
continuous explanatory variable; significant quadratic terms
were retained in the full model. We checked for collinearity
between the trait variables using Pearson’s correlation coeffi-
cient (r). Treating species as independent data points in stati-
stical analyses increases the risk of Type I errors (incorrectly
rejecting the null hypothesis) as closely related species might
share similar traits due to common ancestry (Harvey, 1996).
To account for this non-independence we used phylogenetic
generalized linear models (PGLMs) and estimated Pagel’s λ in
all trait-based models (Pagel, 1999; Freckleton et al., 2002).
Pagel’s λ is a measure of phylogenetic signal within a variable.
It is bounded between 0 and 1, with a λ value of 0 indicative
of phylogenetic independence, while a λ of 1 is complete
phylogenetic dependence. A benefit of estimating Pagel’s λ as
part of model fitting is that problems associated with under-
correcting (λ = 0) and over-correcting (λ = 1) for phylogenetic
autocorrelation are reduced. We used the online tool
Phylomatic (Webb & Donoghue, 2005) to generate the
phylogenetic framework of all species included in our analyses.
The Phylomatic phylogeny is based on a tree developed by the
Angiosperm Phylogeny Group (APG III, 2009), and in this study
all branch lengths were set to one. All analyses were carried out
using R version 2.14.2 (R Development Core Team, 2012), with
the pgls function from the caper package used for the PGLMs
(Orme, 2012).
Transferability
Using the best trait-based model from each region we carried
out cross-region predictive analyses. For each region, CI was
predicted for all species using the trait–trend relationships iden-
tified in the best models from the other regions. This resulted in
six sets of species CI predictions for each region. Transferability
was then estimated for all pair-wise regional comparisons as
the Pearson’s product moment correlation coefficient between
observed CI and predicted CI. For all pair-wise regional com-
parisons transferability was correlated with the level of similar-
ity in species composition and percentage similarity in land
cover to help identify if, and when, trait-based models can be
transferred to new regions. Due to the non-independence of the
pair-wise regional comparisons, the significance was estimated
using Mantel tests with 1000 iterations (Manly, 2007). For each
pair-wise regional comparison we had two model predictions,
one for each direction (i.e. the Flanders model predicts region 1
and the region 1 model predicts Flanders). Transferability was
estimated as the mean of the pair of predictions, for use in the
Mantel tests. Land-cover similarity was estimated from the pro-
portional cover of each broad land-use class for each region
using data derived from satellite imagery: Britain (Morton et al.,
2011) and Flanders (Wils et al., 2004) (Fig. 2). We used an index
of percentage similarity (Renkonen, 1938; Jost et al., 2011) to
calculate land-cover similarity, while the conditional Sørensen’s
similarity index (Lennon et al., 2001) was used to calculate simi-
larity of species composition. These similarity metrics were
chosen as they are both widely used and are suitable given the
type of data in this study (land-use percentage cover and species
lists) (Magurran, 2004; Jost et al., 2011).
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
Region 1 Region 2 Region 3 Region 4 Region 5 Region 6
Pr
op
or
o
na
l l
an
d 
co
ve
r 
Arable
Improved Grassland
Urban
Semi-natural areas
Forest
Water
Coastal
Figure 2 The land-cover composition
of each region. The height of the bars
represents the proportion of each
land-cover class.
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RESULTS
Comparison of regions
The proportional cover of each broad land-use type is shown in
Fig. 2. In terms of land cover, Flanders is most similar to regions
1 and 2 in southern Britain (Table 2, Fig. 3); these regions are
characterized by intensive agriculture and a moderate to high
proportion of artificial surfaces. In contrast, regions 5 and 6 are
predominantly forest and semi-natural areas with only a small
amount of agricultural and artificial land. In terms of species
composition, regions 1, 2 and 4 are most similar to Flanders, and
there is a general trend of geographically closer regions tending
to have similar species compositions (Table 2).
Trait-based relationships
The number of significant traits in the best regional models
varied, from four in regions 1, 3 and 4 to seven in region 2. The
direction and strength of trait relationships varied considerably
across regions (Table 3). A key cross-region difference was the
variation in the relationship between Ellenberg N (soil nutri-
ents) and CI: strongly positive in Flanders and region 1, but
significantly negative in region 6 (Fig. 3). Life cycle type was a
significant predictor of change in region 5, where annual plants
showed lower CI scores compared with biennial and perennial
plants. Habitat breadth was significantly positively related to
CI in all regional models. The variation in CI explained by the
regional models varied between 17 and 5%, with the most vari-
ance explained in the Flanders model (Table 4). In all regions,
except Flanders, λ values were significantly different from 0 (λ
values in Table 4).
Transferability
We found that transferability of the regional trait-based models
varied across regions and ranged from negative (Pearson’s
r = −0.124) to positive (r = 0.367) values (Fig. 4). The most posi-
tive predictions of change were between regions 1, 2 and Flan-
ders. The most negative prediction was found between observed
CI in Flanders and predicted CI from the region 5 model. In this
Table 2 Similarity scores for all pair-wise region comparisons. The conditional Sørensen’s index of the similarity of species composition
between regions is above the diagonal, while Renkonen’s percentage similarity index of land cover between regions is below the diagonal.
The shading of the box relates to the level of similarity, the darker the shade the greater the similarity.
Flanders Region 1 Region 2 Region 3 Region 4 Region 5 Region 6
Flanders – 0.90 0.88 0.79 0.79 0.76 0.76 Species compositional
similarityRegion 1 0.74 – 0.94 0.92 0.96 0.91 0.89
Region 2 0.78 0.80 – 0.94 0.97 0.93 0.90
Region 3 0.45 0.46 0.55 – 0.91 0.90 0.92
Region 4 0.69 0.70 0.81 0.70 – 0.92 0.89
Region 5 0.27 0.29 0.33 0.77 0.52 – 0.93
Region 6 0.22 0.23 0.26 0.71 0.45 0.91 –
Land cover similarity
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Figure 3 The slope of the relationship
between Ellenberg N and plant range
change (CI) for each region where it was
retained in the best model. The error
bars are the standard error of the slope.
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Table 3 Parameter estimates taken from
the best trait-based phylogenetic
generalized linear models of plant
distribution change for each region.
Coefficient SE t P
(a) Flanders
Intercept −3.20 0.839 −3.8 < 0.001
Mean precipitation (mm) 0.003 0.002 2.1 0.040
Mean precipitation (mm)2 −1.31 × 10−6 7.09 × 10−7 −1.9 0.065
Ellenberg R 0.436 0.149 2.9 0.004
Ellenberg R2 −0.034 0.013 −2.5 0.012
Ellenberg N 0.162 0.024 6.8 < 0.001
Log height −0.405 0.145 −2.8 0.005
Log height2 0.050 0.015 3.3 0.001
Habitat breadth 0.147 0.046 3.2 0.001
(b) Region 1
Intercept −0.517 0.483 −1.1 0.285
Biome – southern 0.104 0.083 1.2 0.215
Biome – temperate −0.076 0.076 −1.0 0.318
Biome – widespread 0.560 0.230 2.4 0.015
Habitat breadth 0.138 0.041 3.3 < 0.001
Log height −0.205 0.142 −1.5 0.149
Log height2 0.038 0.016 2.4 0.016
Ellenberg N 0.072 0.020 3.5 < 0.001
(c) Region 2
Intercept −1.369 0.732 −1.9 0.062
Biome – southern 0.148 0.100 1.5 0.137
Biome – temperate −0.022 0.085 −0.3 0.793
Biome – widespread 0.510 0.231 2.2 0.028
Habitat breadth 0.244 0.043 5.7 0.000
Ellenberg L −0.281 0.163 −1.7 0.085
Ellenberg L2 0.021 0.013 1.7 0.096
Log height 0.085 0.034 2.5 0.013
Mean precipitation (mm) 0.000 0.000 2.4 0.018
Ellenberg R 0.075 0.024 3.1 0.002
Mean January temperature (°C) 0.129 0.061 2.1 0.036
(d) Region 3
Intercept −1.755 0.388 −4.5 < 0.001
Ellenberg F 0.090 0.022 4.1 < 0.001
Habitat breadth 0.151 0.046 3.3 0.001
Log height 0.065 0.036 1.8 0.074
Mean January temperature (°C) 0.214 0.057 3.8 < 0.001
(e) Region 4
Intercept −2.750 0.806 −3.4 0.001
Biome – southern 0.024 0.105 0.2 0.818
Biome – temperate 0.118 0.089 1.3 0.186
Biome – widespread 0.523 0.230 2.3 0.023
Ellenberg F 0.111 0.023 4.9 < 0.001
Habitat breadth 0.126 0.046 2.7 0.007
Mean precipitation (mm) 0.003 0.001 2.6 0.010
Mean precipitation2 (mm) −1.493 × 10−6 0.000 −2.8 0.006
(f) Region 5
Intercept 0.356 0.406 0.9 0.381
Ellenberg F 0.099 0.023 4.4 < 0.001
Habitat breadth 0.122 0.045 2.7 0.007
Log height −0.092 0.037 −2.5 0.014
Life cycle – biennial 0.543 0.199 2.7 0.007
Life cycle – perennial 0.438 0.101 4.3 < 0.001
Mean precipitation (mm) −0.001 1.517 × 10−4 −3.9 < 0.001
Ellenberg R −0.057 0.025 −2.3 0.022
(g) Region 6
Intercept −0.624 0.355 −1.8 0.079
Ellenberg F 0.129 0.023 5.6 < 0.001
Habitat breadth 0.086 0.049 1.8 0.081
Ellenberg L −0.071 0.033 −2.2 0.030
Log height 0.197 0.040 4.9 < 0.001
Ellenberg N −0.095 0.024 −3.9 < 0.001
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case, species with a positive CI in region 5 were likely to have a
negative CI in Flanders, and vice versa.
The amount of variance explained in the predictive models
varied between 1.687 × 10−6 and 0.14 (Fig. 4). Land-cover simi-
larity (Renkonen’s percentage similarity index of land cover)
was significantly and positively correlated with transferability
(correlation coefficient = 0.80 Mantel p = 0.012; Fig. 5), whereas
a weaker non-significant relationship was found between
similarity of species composition (conditional Sørensen’s
species similarity index) and transferability (correlation coeffi-
cient = 0.42, Mantel p = 0.055).
DISCUSSION
In this study, we examined the ability of trait-based models to
predict changes in distribution in new geographic regions. We
found that transferability varied across the pair-wise regional
comparisons, and was correlated with the level of similarity in
land cover. These results contrast with those of a previous study
on bird abundance, which found that transferability was not
improved when comparing regions that share similar landscape
characteristics (Pocock, 2011). This difference may be due to the
greater variation in the intensity and direction of the trait–trend
relationships in our study. The models in Pocock (2011) were
broadly consistent across regions (declining population size
tended to share such traits as medium body size, small brain size,
undertaking long distance migration and specializing in farm-
land habitat), whereas we found that the sign of one significant
relationship – that between Ellenberg N and CI – changed from
positive in southern regions to negative in northern regions
(Fig. 3). It should also be noted that the plant models in this
study are based on approximately 25 times more species than the
bird abundance models (Pocock, 2011). In addition to having
Table 4 Model coefficients from the phylogenetic generalized
linear trait-based models of plant distribution change for each
region.
Region d.f. F SE r2 λ (95% CI) Model P
Flanders 676 19.3 0.251 0.176 0.077 (0, 0.233) < 0.001
Region 1 900 10.2 0.338 0.076 0.563 (0.308, 0.741) < 0.001
Region 2 908 7.4 0.283 0.065 0.293 (0.126, 0.502) < 0.001
Region 3 730 10.8 0.304 0.051 0.323 (0.112, 0.585) < 0.001
Region 4 655 6.9 0.273 0.059 0.176 (0.042, 0.459) < 0.001
Region 5 630 8.8 0.273 0.079 0.247 (0.081, 0.510) < 0.001
Region 6 587 13.3 0.264 0.084 0.065 (0.016, 0.210) < 0.001
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Figure 4 The Pearson’s product–
moment correlation coefficients between
observed and predicted plant range
change (CI) for each pair-wise regional
comparison.
Figure 5 The significant positive relationship between
transferability (pair-wise Pearson’s product–moment correlations)
and land-cover similarity for all pair-wise regional comparisons
(slope = 0.387, SE = 0.047, t = 8.108, Mantel p = 0.017).
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fewer species, farmland birds are likely to be a more uniform
group than the plants of Flanders and Britain, meaning that
there will be less opportunity for variation to occur in the trait–
trend relationships between regions and this may explain the
reduced variation in transferability.
Range change dynamics in Flanders were best predicted by
the models from regions 1 and 2 in Britain. These regions of
southern Britain were most similar to Flanders in terms of
current land cover but also past changes in land use. Over the
time period of this study the landscapes of Flanders and south-
ern Britain (regions 1 and 2) have undergone extensive agricul-
tural intensification (Haines-Young et al., 2000; Stoate et al.,
2001; Robinson & Sutherland, 2002; Van Landuyt et al., 2008),
which was detected in the trait-based models: Ellenberg N was
significantly positively related to CI. Agricultural intensification
and the widespread use of fertilizers result in high levels of
nitrogen deposition and in turn the decline of less competi-
tive species that are dependent upon nutrient-poor habitats
(Preston, 2000; Braithwaite et al., 2006; Walker & Preston, 2006;
Van Landuyt et al., 2008; Walker et al., 2009; McClean et al.,
2011). This result confirms that the same environmental drivers
have similar effects on biodiversity across multiple regions,
which can be detected separately by the regional trait-based
models. The models for region 5 predicted the reverse CI trends
in the flora of Flanders, i.e. a species with a positive CI value in
Flanders was likely to have a negative CI value in region 5. This
highlights our finding that transferability is low between regions
with dissimilar landscapes. The trait signal in region 5 was dif-
ferent from that of Flanders and southern Britain; life cycle type
was a key significant parameter with annual plants undergoing
strong declines. This again reflects the history of land-use
change: the trends are probably due to the decline in arable
weeds as a result of a reduction in small-scale arable cultivation,
as mixed farming gave way to purely pastoral agriculture in
northern Scotland and the Scottish islands (Pearman & Preston,
2000; Evans et al., 2002; Pearman et al., 2008). This is empha-
sized by the top three declining annual plants (excluding
Euphrasia spp. which may have artificially low CI scores due
to taxonomic uncertainty) in region 5 which are all arable
weeds (Chrysanthemum segetum CI = −4.79, Anthemis cotula
CI = −3.96, Stachys arvensis CI = −2.51). We found little evi-
dence to suggest that regions with high transferability shared a
greater number of common traits in their respective models
than those with poor predictive ability. However, traits that were
present in both models for regions with high transferability had
similar slopes, therefore driving an increase in transferability.
In contrast, the trait–trend relationships tended to be different
for common traits in models with low transferability (for
example, the variation in the Ellenberg N trait–trend relation-
ships between regions 1 and 6 and Flanders; Fig. 3).
We found low r2 values associated with our regional trait-
based models and also with the transferability of our models
(also seen in Pocock, 2011). We may not expect high r2 values
because local, fine-scale drivers, including species interactions,
may influence changes in plant distribution but will not be
detected in the regional trait-based models. Also, despite using a
CI method to account for recorder effort bias, there may have
been a small amount of residual error in estimation of range
change that could have contributed to noise in the data. An
alternative approach to increase the variation explained by our
models would be to increase trait coverage. We examined the
potential for including additional trait predictors in our models,
finding that inclusion of some commonly measured leaf param-
eters (leaf size, specific leaf area and leaf dry matter content)
from TRY (http://www.try-db.org) and LEDA (Kleyer et al.,
2008) would result in a substantial loss of species in our analysis.
The negative consequences of losing species are exacerbated, as
the lost species are unlikely to be a random subset, with rarer
species less likely to be measured. In an attempt to improve r2 in
the transferability of our models, we re-ran our models on a
subset of the data; only species that were shared between the
regions were included. In general the patterns of transferability
remained the same, as emphasized by the Pearson’s correlation
coefficients between the pair-wise transferability estimates,
r = 0.95. In our study, we used the Pearson correlation coeffi-
cient to assess transferability. Other indices have been proposed
to test for agreement between observed and predicted data, such
as the root mean squared error of predictions (Roxburgh &
Mokany, 2010). Testing alternative ways to assess transferability
is an interesting area for further studies.
In conclusion, we found trait-based models to be sensitive to
geographic variation in the main drivers of change, showing that
they can detect the impact of agricultural intensification in
southern England and Flanders, but also the loss of annual
plants due to a shift in the agricultural practices in northern
Scotland. The regional trait-based models suffered from low r2
values, but despite this we were still able to detect that the
transferability of these models was positively related to land-
cover similarity. This study highlights the potential value that
well specified trait-based models may have in making further
progress in this area of predictive modelling for the benefit of
conservation.
ACKNOWLEDGEMENTS
We are indebted to the thousands of recorders who collected the
species distribution data on which this entire study is based. We
would like to thank Steve Freeman, Colin Harrower, Nick Isaac,
Tom Oliver, Michael Pocock, Oli Pescott and John Redhead for
helpful discussion on the statistical analyses. We thank Natalie
Clark, Janne Kotiaho, Bill Shipley, David Currie and three
anonymous referees for their useful comments on an early draft
of this manuscript. This work was funded by the Natural Envi-
ronment Research Council (NERC).
REFERENCES
Angert, A.L., Crozier, L.G., Rissler, L.J., Gilman, S.E., Tewksbury,
J.J. & Chunco, A.J. (2011) Do species’ traits predict recent
shifts at expanding range edges? Ecology Letters, 14, 677–689.
G. D. Powney et al.
Global Ecology and Biogeography, 23, 1009–1018, © 2014 The Authors. Global Ecology and Biogeography published
by John Wiley & Sons Ltd
1016
APG III (2009) An update of the Angiosperm Phylogeny Group
classification for the orders and families of flowering plants:
APG III. Botanical Journal of the Linnean Society, 161, 105–
121.
Blackburn, T.M., Cassey, P., Duncan, R.P., Evans, K.L. & Gaston,
K.J. (2004) Avian extinction and mammalian introductions
on oceanic islands. Science, 305, 1955–1958.
Braithwaite, M.E., Ellis, R.W. & Preston, C.D. (2006) Change in
the British flora 1987–2004. Botanical Society of the British
Isles, London.
Butchart, S.H.M., Walpole, M., Collen, B. et al. (2010) Global
biodiversity: indicators of recent declines. Science, 328, 1164–
1168.
Cardillo, M. & Meijaard, E. (2011) Are comparative studies of
extinction risk useful for conservation? Trends in Ecology and
Evolution, 27, 167–171.
Chen, I.-C., Hill, J.K., Ohlemuller, R., Roy, D.B. & Thomas, C.D.
(2011) Rapid range shifts of species associated with high levels
of climate warming. Science, 333, 1024–1026.
Ellenberg, H. (1974) Zeigerwerte der Gefaesspflanzen Mitte-
leuropas. Scripta Geobotanica IX. E. Goltze, Göttingen.
Evans, P.A., Evans, I.M. & Rothero, G.P. (2002) Flora of Assynt.
Privately published.
Fisher, D.O. & Owens, I.P.F. (2004) The comparative method
in conservation biology. Trends in Ecology and Evolution, 19,
391–398.
Freckleton, R.P., Harvey, P.H. & Pagel, M. (2002) Phylogenetic
analysis and comparative data: a test and review of evidence.
The American Naturalist, 160, 712–726.
Fritz, S.A., Bininda-Emonds, O.R. & Purvis, A. (2009) Geo-
graphical variation in predictors of mammalian extinction
risk: big is bad, but only in the tropics. Ecology Letters, 12,
538–549.
Godefroid, S. (2001) Temporal analysis of the Brussels flora as
indicator for changing environmental quality. Landscape and
Urban Planning, 54, 203–224.
Haines-Young, R.H., Barr, C.J., Black, H.I.J. et al. (2000)
Accounting for nature: assessing habitats in the UK countryside.
DETR, London.
Haines-Young, R., Barr, C.J., Firbank, L.G., Furse, M., Howard,
D.C., McGowan, G., Petit, S., Smart, S.M. & Watkins, J.W.
(2003) Changing landscapes, habitats and vegetation diversity
across Great Britain. Journal of Environmental Management,
67, 161–174.
Harvey, P.H. (1996) Phylogenies for ecologists. Journal of Animal
Ecology, 65, 255–263.
Hill, M.O., Mountford, J.O., Roy, D.B. & Bunce, R.G.H. (1999)
Ellenberg’s indicator values for British plants. ECOFACT
Volume 2, Technical Annex. Institute of Terrestrial Ecology,
Huntingdon.
Hill, M.O., Preston, C.D. & Roy, D.B. (2004) PLANTATT.
Attributes of British and Irish plants: status, size, life history,
geography and habitats. Centre for Ecology and Hydrology,
Huntingdon.
Jost, L., Chao, A. & Chazdon, R.L. (2011) Compositional simi-
larity and β (beta) diversity. Biological diversity: frontiers in
measurement and assessment (ed. by A.E. Magurran and B.J.
McGill), pp. 66–84. Oxford University Press, Oxford.
Kleyer, M., Bekker, R.M., Knevel, I.C. et al. (2008) The LEDA
Traitbase: a database of life-history traits of the Northwest
European flora. Journal of Ecology 96, 1266–1274.
Koh, L.P., Sodhi, N.S. & Brook, B.W. (2004) Ecological correlates
of extinction proneness in tropical butterflies. Conservation
Biology, 18, 1571–1578.
Landsberg, J. & Crowley, G. (2004) Monitoring rangeland bio-
diversity: plants as indicators. Austral Ecology, 29, 59–77.
Lennon, J.J., Koleff, P., Greenwood, J.J.D. & Gaston, K.J. (2001)
The geographical structure of British bird distributions: diver-
sity, spatial turnover and scale. Journal of Animal Ecology, 70,
966–979.
Liem, A.S.N., Hendriks, A., Kraal, H. & Loenen, M. (1985)
Effects of de-icing salt on roadside grasses and herbs. Plant
and Soil, 84, 299–310.
McClean, C.J., Berg, L.J.L., Ashmore, M.R. & Preston, C.D.
(2011) Atmospheric nitrogen deposition explains patterns of
plant species loss. Global Change Biology, 17, 2882–2892.
Mace, G.M., Masundire, H. & Baillie, J.E.M. (2005) Biodiversity.
Millennium ecosystem assessment. Ecosystems and human well-
being: current state and trends. (ed. by R. Hassan, R. Scholes
and N. Ash), pp. 77–122. Island Press, Washington, DC.
Mace, G.M., Collen, B., Fuller, R.A. & Boakes, E.H. (2010)
Population and geographic range dynamics: implications for
conservation planning. Philosophical Transactions of the Royal
Society B: Biological Sciences, 365, 3743–3751.
Magurran, A.E. (2004) Measuring biological diversity. Blackwell
Publishing, Oxford.
Manly, B.F.J. (2007) Randomization, bootstrap and Monte Carlo
methods in biology. Chapman and Hall, London.
Mattila, N., Kotiaho, J.S., Kaitala, V., Komonen, A. & Päivinen, J.
(2008) Interactions between ecological traits and host plant
type explain distribution change in noctuid moths. Conserva-
tion Biology, 23, 703–709.
Morton, D., Rowland, C., Wood, C., Meek, L., Marston, C.,
Smith, G., Wadsworth, R. & Simpson, I.C. (2011) Final Report
for LCM2007 – the new UK Land Cover Map. Countryside
Survey Technical Report no. 11/07. NERC/Centre for Ecology
and Hydrology, Wallingford.
Murray, K.A., Rosauer, D., McCallum, H. & Skerratt, L.F. (2010)
Integrating species traits with extrinsic threats: closing the
gap between predicting and preventing species declines.
Proceedings of the Royal Society B: Biological Sciences, 278,
1515–1523.
Orme, C.D.L. (2012) The caper package: comparative analysis of
phylogenetics and evolution in R. Available at: http://caper
.r-forge.r-project.org (accessed January 2014).
Ozinga, W.A., Römermann, C., Bekker, R.M., Prinzing, A.,
Tamis, W.L.M., Schaminée, J.H.J., Hennekens, S.M.,
Thompson, K., Poschlod, P., Kleyer, M., Bakker, J.P. &
van Groenendael, J.M. (2009) Dispersal failure contributes to
plant losses in NW Europe. Ecology Letters, 12, 66–74.
Pagel, M. (1999) Inferring the historical patterns of biological
evolution. Nature, 401, 877–884.
Assessing predictive ability of trait analyses
Global Ecology and Biogeography, 23, 1009–1018, © 2014 The Authors. Global Ecology and Biogeography published
by John Wiley & Sons Ltd
1017
Parmesan, C. & Yohe, G. (2003) A globally coherent fingerprint
of climate change impacts across natural systems. Nature, 421,
37–42.
Pearman, D.A. & Preston, C.D. (2000) A flora of Tiree, Gunna
and Coll. Privately published.
Pearman, D.A., Preston, C.D., Rothero, G.P. & Walker, K.J.
(2008) The flora of Rum: an Atlantic island reserve. Privately
published.
Pocock, M.J.O. (2011) Can traits predict species’ vulnerability?
A test with farmland passerines in two continents. Proceedings
of the Royal Society B: Biological Sciences, 278, 1532–1538.
Pocock, M.J.O., Hartley, S., Telfer, M.G., Preston, C.D. & Kunin,
W.E. (2006) Ecological correlates of range structure in rare
and scarce British plants. Journal of Ecology, 94, 581–596.
Preston, C.D. (2000) Engulfed by suburbia or destroyed by
the plough, the ecology of extinction in Middlesex and
Cambridgeshire. Watsonia, 23, 59–81.
Preston, C.D. & Croft, J.M. (1997) Aquatic plants in Britain and
Ireland. Harley Books, Colchester.
Preston, C.D., Pearman, D.A. & Dines, T.D. (2002) New atlas of
the British and Irish flora. Oxford University Press, Oxford.
Purvis, A., Gittleman, J.L., Cowlishaw, G. & Mace, G.M. (2000)
Predicting extinction risk in declining species. Proceedings of
the Royal Society B: Biological Sciences, 267, 1947–1952.
R Development Core Team (2012) R: a language and environ-
ment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria.
Renkonen, O. (1938) Statistische-okologische Untersuchungen
uber die terrestrische Kaferwelt der finnischen Bruchmoore.
Annale Zoologici Societatis Zoologicae-Botanicae Fennicae
Vanamo, 6, 1–231.
Reynolds, J.D., Webb, T.J. & Hawkins, L.A. (2005) Life history
and ecological correlates of extinction risk in European fresh-
water fishes. Canadian Journal of Fish and Aquatic Science, 62,
854–862.
Robinson, R.A. & Sutherland, W.J. (2002) Post-war changes in
arable farming and biodiversity in Great Britain. Journal of
Applied Ecology, 39, 157–176.
Roxburgh, S.H. & Mokany, K. (2010) On testing predictions
of species relative abundance from maximum entropy
optimisation. Oikos, 119, 583–590.
Schaffers, A.P. & Sýkora, K.V. (2000) Reliability of Ellenberg
indicator values for moisture, nitrogen and soil reaction: a
comparison with field measurements. Journal of Vegetation
Science, 11, 225–244.
Stoate, C., Boatman, N.D. & Borralho R.J., Rio Carvalho, C.,
De Snoo, G.R. & Eden, P. (2001) Ecological impacts of arable
intensification in Europe. Journal of Environmental Manage-
ment, 63, 337–365.
Telfer, M.G., Preston, C.D. & Rothery, P. (2002) A general
method for measuring relative change in range size from bio-
logical atlas data. Biological Conservation, 107, 99–109.
Van Calster, H., Vandenberghe, R., Ruysen, M., Verheyen, K.,
Hermy, M. & Decocq, G. (2008) Unexpectedly high 20th
century floristic losses in a rural landscape in northern
France. Journal of Ecology, 96, 927–936.
Van Landuyt, W., Hoste, I., Vanhecke, L., Van der Bremt, P.,
Vercruysse, W. & De Beer, D. (2006) Atlas van de Flora van
Vlaanderen en het Brussels Gewest. Instituut voor Natuur- en
Bosonderzoek i.s.m. Flo.Wer vzw, Brussels.
Van Landuyt, W., Vanhecke, L., Hoste, I., Hendrickx, F. &
Bauwens, D. (2008) Changes in the distribution area of
vascular plants in Flanders (northern Belgium): eutrophica-
tion as a major driving force. Biodiversity and Conservation,
17, 3045–3060.
Verheyen, K., Honnay, O., Motzkin, G., Hermy, M. & Foster,
D.R. (2003) Response of forest plant species to land-use
change: a life-history trait-based approach. Journal of Ecology,
91, 563–577.
Walker, K.J. & Preston, C.D. (2006) Ecological predictors of
extinction risk in the flora of lowland England, UK. Biodiver-
sity and Conservation, 15, 1913–1942.
Walker, K.J., Preston, C.D. & Boon, C.R. (2009) Fifty years of
change in an area of intensive agriculture: plant trait
responses to habitat modification and conservation, Bed-
fordshire, England. Biodiversity and Conservation, 18,
3597–3613.
Webb, C.O. & Donoghue, M.J. (2005) Phylomatic: tree assembly
for applied phylogenetics.Molecular Ecology Notes,5, 181–183.
Wils, C., Paelinckx, D., Adams, Y., Berten, B., Bosch, H., De Knijf,
G., De Saeger, S., Demolder, H., Guelinckx, R., Lust, P.,
Oosterlynck, P., Scheldeman, K., T’Jollyn, F., Van Hove, M.,
Vandenbussche, V. & Vriens, L. (2004) Biologische
Waarderingskaart en natuurgerichte bodembedekkingkaart van
het Vlaamse Gewest. Rapport en digitaal bestand. Instituut voor
Natuurbehoud, Brussels.
SUPPORTING INFORMATION
Additional supporting information may be found in the online
version of this article at the publisher’s web-site.
Appendix S1 An overview of each region included in the
analysis.
Appendix S2 The relationship between the early and late logit-
transformed proportional counts for each region.
BIOSKETCH
Gary Powney is a quantitative ecologist working
within the Biological Records Centre at the Centre for
Ecology and Hydrology, UK. His research interests focus
on trends and patterns in biodiversity, with a particular
focus on using macroecological approaches to aid
conservation efforts.
Editor: Bill Shipley
G. D. Powney et al.
Global Ecology and Biogeography, 23, 1009–1018, © 2014 The Authors. Global Ecology and Biogeography published
by John Wiley & Sons Ltd
1018
